1. Introduction {#sec1-nutrients-10-00957}
===============

Mental health disorders affect 22.1% of the U.S. young adult population (ages 18--25), which is the highest prevalence of any age group \[[@B1-nutrients-10-00957]\]. Two common disorders in young adults are major depression and anxiety, occurring at 10.9% and 22.3%, respectively \[[@B1-nutrients-10-00957]\]. These disorders are often attributed to a serotonin deficiency and are treated with medications such as Selective Serotonin Reuptake Inhibitors (SSRIs). Medications are not always favored by patients, who report a three-fold preference for non-pharmacological forms of treatment \[[@B2-nutrients-10-00957]\]. Historically, nutrition has been overlooked as a contributor to poor mental health, but there is an increasing focus on this relationship, largely due to the central nervous system's need for key nutrients to maintain optimal function. The nutritional status of an individual is influenced by a variety of factors, including: Life stage, environment, food access, and socioeconomic status \[[@B3-nutrients-10-00957]\]. In turn, each of these factors can influence mental health \[[@B4-nutrients-10-00957]\].

The majority of research investigating the relationship between nutrition and mental health has been focused on older adults. There are some studies that have focused on food insecurity across the lifespan and mental health \[[@B5-nutrients-10-00957],[@B6-nutrients-10-00957],[@B7-nutrients-10-00957],[@B8-nutrients-10-00957],[@B9-nutrients-10-00957],[@B10-nutrients-10-00957]\], and specific nutrients' effects on mental health \[[@B11-nutrients-10-00957],[@B12-nutrients-10-00957],[@B13-nutrients-10-00957],[@B14-nutrients-10-00957],[@B15-nutrients-10-00957],[@B16-nutrients-10-00957],[@B17-nutrients-10-00957],[@B18-nutrients-10-00957],[@B19-nutrients-10-00957]\], while some have focused on overall dietary quality and mental health \[[@B20-nutrients-10-00957],[@B21-nutrients-10-00957],[@B22-nutrients-10-00957]\]. It may be more beneficial to examine overall dietary intake's relationship to mental health, as this is more representative of human lifestyle behaviors. College-attending young adults face a variety of risk factors for poor mental health, including high stress and high rates of food insecurity \[[@B23-nutrients-10-00957]\]. Food insecurity is defined as the lack of consistent access to a sufficient quantity of healthy affordable foods; on college campuses rates of food insecurity among students have been reported to be as high as 59% \[[@B23-nutrients-10-00957]\]. Importantly, food insecurity has been shown to be associated with poor mental health \[[@B5-nutrients-10-00957],[@B6-nutrients-10-00957],[@B7-nutrients-10-00957],[@B8-nutrients-10-00957],[@B9-nutrients-10-00957],[@B10-nutrients-10-00957]\]. Food insecurity rates can vary by region and are particularly high in the Appalachian area, with rates as high as 20.8%, much higher than the US average of 12.3% \[[@B24-nutrients-10-00957]\]. The Appalachian region spreads over 13 states in the southern and northeastern regions of the US, and has been traditionally plagued by health disparities due to its rural landscape and difficult transportation from being situated in the Appalachian mountains, making access to healthcare difficult \[[@B25-nutrients-10-00957]\]. The dietary intake of depressed or anxious individuals has been minimally studied but have shown to vary regionally \[[@B4-nutrients-10-00957]\]. Because of these differences in dietary habits, the prevalence or severity of mental health symptoms may vary regionally as well. Overall, there is a limited amount of data available on the health of Appalachian individuals, who are at high risk of poor health due to low socioeconomic status \[[@B25-nutrients-10-00957]\], low food access \[[@B24-nutrients-10-00957]\]. and low access to health services such as to counseling with registered dietitians \[[@B25-nutrients-10-00957]\]. These and additional poor health risks, such as stress, are present on college campuses. Due to the many risk factors for poor mental health and nutritional shortcomings faced by young adults on an Appalachian college campus, the prevalence of anxiety and depression and its relationship to diet intake needs to be studied.

There is a strong relationship between nutrition and mental health in adults \[[@B26-nutrients-10-00957],[@B27-nutrients-10-00957],[@B28-nutrients-10-00957],[@B29-nutrients-10-00957],[@B30-nutrients-10-00957]\] and has been found to differ between depressed and anxious individuals \[[@B26-nutrients-10-00957],[@B27-nutrients-10-00957],[@B28-nutrients-10-00957]\]. Further, diet intake has been found to differ between males and females with mental health disorders. For example, previous work has found that depressed or anxious females consume greater quantities of unhealthy foods than depressed or anxious males \[[@B26-nutrients-10-00957],[@B27-nutrients-10-00957],[@B28-nutrients-10-00957]\]. However, no studies have yet identified this relationship in a US young adult population in an Appalachian college setting.

Therefore, the aims of this study was to determine the frequency of depression and anxiety symptoms in an Appalachian college-attending young adult population and the relationship between these symptoms and dietary intake. In addition, the role of food insecurity in relationship to these factors was examined. It is hypothesized that (1) Individuals with poor mental health, classified as those with high frequency of depression and anxiety symptoms would show different diet intake characterized by lower fruit and vegetable intake and higher sugar intake, (2) individuals categorized as food insecure would show higher days of poor mental health and (3) there would be differences in diet intake between genders, and between depressed and anxious individuals.

2. Materials and Methods {#sec2-nutrients-10-00957}
========================

2.1. Design {#sec2dot1-nutrients-10-00957}
-----------

This cross-sectional study investigated a convenience sample of young adults attending a large, Appalachian university in fall 2017. To be eligible, participants had to be currently enrolled at the university and at least 18 years of age.

2.2. Ethics Approval and Consent to Participate {#sec2dot2-nutrients-10-00957}
-----------------------------------------------

This study was approved by West Virginia University's Institutional Review Board (\#170350219) in accordance with the Declaration of Helskini. All subjects gave their informed consent for inclusion before participating.

2.3. Participants and Procedures {#sec2dot3-nutrients-10-00957}
--------------------------------

Undergraduate and graduate students attending a large, Appalachian university in the fall 2017 semester were recruited. Using the university listserv, students were emailed an online survey link which directed them to Qualtrics, an anonymous online survey platform. Participants read the informed consent, and if accepted, completed the survey. Students who denied consent were exited from the page. Students were incentivized to take the survey via the chance to win one of four \$100 American Express gift cards. Contact information remained separate from the results of the survey to maintain confidentiality.

2.4. Survey Design {#sec2dot4-nutrients-10-00957}
------------------

The 116-item survey was developed by researchers from a multistate, collaborative university research group. The survey asked participants to self-report their sex, height, and weight. Students were screened for depression and anxiety symptoms using items from the Center for Disease Control and Prevention's Healthy Days Measure \[[@B31-nutrients-10-00957]\], for food insecurity using the US Adult Food Security Survey Module \[[@B32-nutrients-10-00957]\], and for dietary intake using the Dietary Screener Questionnaire (DSQ) \[[@B33-nutrients-10-00957]\]. The Healthy Days Measure is a validated tool used to assess the prevalence and symptoms of mental distress \[[@B31-nutrients-10-00957]\]. The US Adult Food Security Survey Module is a validated tool to screen for food insecurity in adults and asks respondents to choose whether statements such as "In the past 30 days, the food I bought just didn't last, and I didn't have money to get more" or "I couldn't afford to eat balanced meals" were often true, sometimes true, or never true. The DSQ groups responses into a dietary score for different food groups. Food groups examined for this study were fruit and vegetable intake and added sugars, due to fruit and vegetable consumption being considered representative of overall diet quality \[[@B29-nutrients-10-00957]\], and sugar consumption being shown to possibly be detrimental to mental health \[[@B34-nutrients-10-00957],[@B35-nutrients-10-00957]\]. For the fruit and vegetable domain, items included: Fruit, fruit juice, salad, fried potatoes, other potatoes, dried beans, other vegetables, tomato sauce, salsa, and pizza. For the added sugars domain, items included: Soda, fruit drinks, cookies, cakes, pie, donuts, ice cream, sugar/honey in coffee/tea, candy, and cereal. Scores indicate frequency of daily consumption.

2.5. Statistical Analysis {#sec2dot5-nutrients-10-00957}
-------------------------

Descriptive statistics were computed for all demographic and health questions. Participants were placed into depressed, not depressed, anxious, and not anxious categories using cutoffs of ≥14 days of feelings of depressed or anxious being designated as presence of depression or anxiety, as this cutoff is recommended by the CDC for their Health Days Measure \[[@B31-nutrients-10-00957]\]. For DSQ scoring, daily frequency of fruit and vegetable intake and added sugars intake were scored according to the DSQ scoring instructions. Upon review of the foods categorized as fruits and vegetables in this tool, fried potatoes, tomato sauce, salsa, and pizza were removed from the score, as these should not be counted towards fruit and vegetable intake goals, contributing mainly energy \[[@B36-nutrients-10-00957]\]. Food security status was scored using the USDA's scoring system for the 10 questions. Scores with zero affirmative answers indicate high food security, scores of 1--2 marginal food security, 3--5 low food security, and 6--10 very low food security. Prevalence of food insecurity was determined by designating those in the high and marginal categories as food secure, and those in the low and very low categories as food insecure.

One-way ANOVA analysis was used to determine bivariate associations of depression and anxiety and BMI. Pearson Chi Squared analysis was used to determine associations of students with depression or anxiety and sex, housing, and food security status. All significant variables were placed into a full logistic regression model to determine the strongest predictor of poor mental health. Separate models were created for depression and anxiety. Models were stratified by sex due to the differences seen between the diet intake of males and females with poor mental health.

3. Results {#sec3-nutrients-10-00957}
==========

The survey was completed by 1956 students. Respondents were predominantly aged 19--21 (59.4%) years old, female (67.5%), and from Appalachia (57.1%), and lived off campus (80.9%). The mean BMI of this sample was 25.2 ± 0.6 k/m^2^. Over a third (36.7%) of participants were found to be food insecure. The mean fruit and vegetable intake was 1.80 ± 1.3 times per day and the mean added sugars intake was 1.79 ± 1.3 times per day. The mean number of days feeling depressed was 9.67 ± 8.80, and the mean number of days feeling anxious was 14.1 ± 10.03.

There were associations between the presence of depression and sex (*p* = 0.0004), food security status (*p* ≤ 0.001), and added sugars intake (*p* = 0.228).

There were associations between presence of anxiety and sex (*p* ≤ 0.0001), food security status (*p* ≤ 0.0001), and added sugars intake (*p* = 0.005). [Table 1](#nutrients-10-00957-t001){ref-type="table"} and [Table 2](#nutrients-10-00957-t002){ref-type="table"} show sample characteristics by anxiety and depression status.

Results from full logistic regression models are presented in [Table 3](#nutrients-10-00957-t003){ref-type="table"} and [Table 4](#nutrients-10-00957-t004){ref-type="table"}.

4. Discussion {#sec4-nutrients-10-00957}
=============

To our knowledge, this is the first study to investigate the relationship between mental health, diet quality, and food insecurity in a young adult population attending an Appalachian university while examining differences between sexes. The mean number of days feeling depressed over the past 30 days was 9.67, and of feeling anxious, 14.1. These findings show that college students in the Appalachian environment face mental health problems for a third to half of the month, which may be hindering their academic progress and physical health. It was hypothesized that individuals with depression or anxiety would show lower fruit and vegetable intake and higher added sugar intake. This was true for fruit and vegetable intake in males with depression, and for added sugar intake in males and females with depression. It was also hypothesized that food insecure individuals would show higher prevalence of depression and anxiety. This was found to be true for depression and anxiety in both males and females. Finally, it was hypothesized that there would be a difference in dietary intake of those with depression and anxiety, and between sexes. This was found to be true, as depressed males showed lower fruit and vegetable intake, while depressed females did not, and anxious males and females showed higher added sugar intake.

When looking at determinants of mental health symptoms, there were differences between sexes. For males, the significant predictors of depression were fruit and vegetable intake and food insecurity, and for anxiety, the significant predictors were added sugars intake and food insecurity. For females, the significant predictor of depression was food insecurity, and for anxiety, the significant predictors were added sugars intake and food insecurity. These findings are consistent with previous studies showing differences in dietary patterns of males and females with mental health disorders \[[@B26-nutrients-10-00957],[@B27-nutrients-10-00957],[@B28-nutrients-10-00957]\]. These are also consistent with studies showing links between mental health and both dietary intake \[[@B26-nutrients-10-00957],[@B27-nutrients-10-00957],[@B28-nutrients-10-00957],[@B29-nutrients-10-00957],[@B30-nutrients-10-00957]\] and food insecurity \[[@B5-nutrients-10-00957],[@B6-nutrients-10-00957],[@B7-nutrients-10-00957],[@B8-nutrients-10-00957],[@B9-nutrients-10-00957],[@B10-nutrients-10-00957]\], with lower intakes of healthy foods and higher rates of food insecurity showing an increase in prevalence of mental health symptoms.

Young adults face many factors for poor nutritional status and mental health. There are high rates of food insecurity and overall low access to healthy foods, high stress, and pressure to adapt and succeed in the college environment. These factors are increased when looking at college students on an Appalachian campus, a region plagued by poor health, low socioeconomic status, and poor access to health services \[[@B25-nutrients-10-00957]\]. The present study found that individuals on an Appalachian college campus face food insecurity at 36.7%, much higher than the national average. This is consistent with previous studies showing rates of food insecurity on college campuses to be much higher than the national average \[[@B23-nutrients-10-00957],[@B37-nutrients-10-00957]\]. This is of concern for college campuses, as food insecurity has been linked to poorer physical and mental health \[[@B5-nutrients-10-00957],[@B6-nutrients-10-00957],[@B7-nutrients-10-00957],[@B8-nutrients-10-00957],[@B9-nutrients-10-00957],[@B10-nutrients-10-00957]\]. These studies have hypothesized that food insecurity may be adding additional stress, contributing to worse mental health, and that food insecurity leads to lower dietary quality, providing the brain with less key nutrients for optimal function. The causes of this relationship need to be further determined, however the current body of knowledge has implications for current action by policymakers. Dietary interventions have shown that providing access to healthy foods can improve mental health symptoms, and thus interventions for this population should aim to provide healthy foods required for improved mental health \[[@B38-nutrients-10-00957],[@B39-nutrients-10-00957],[@B40-nutrients-10-00957]\]. In a study that examined a fruit and vegetable intervention on young adults, only those who were provided with a supply of fresh fruits and vegetables showed a significant increase in fruit and vegetable consumption and overall well-being \[[@B38-nutrients-10-00957]\]. Another study that provided tools and foods to depressed patients to follow a Mediterranean diet showed improvements in depression and anxiety symptoms and high adherence to the diet, even sustained at 6 months \[[@B39-nutrients-10-00957]\]. This highlights the importance of providing access to the healthy foods to enable individuals to adhere to a healthy diet. Thus, alleviating food insecurity on college campuses should be a priority in order to improve the well-being of students. This study adds to the body of work showing health disparities faced by Appalachia and the factors contributing to the mental health status of college students and provides a potential solution for improving their mental health.

There are a few limitations to the present study. First, we used self-reported mental health days rather than asking respondents if they have received a mental health diagnosis by a professional, because not all individuals with mental health disorders have received a medical diagnosis. The intention was to better capture data from those with symptoms of a mental health disorder. In addition, the DSQ includes items in the fruit and vegetable domain that are not healthy sources of fruits and vegetables, including fried potatoes and salsas, and thus were removed from the score in this study. This study focused on fruits and vegetables because they are considered to be indicative of overall diet quality \[[@B30-nutrients-10-00957]\], and on added sugars because of their evidence of being detrimental to mental health \[[@B32-nutrients-10-00957],[@B33-nutrients-10-00957]\]. However, this study did not examine meat and saturated fats, which may be detrimental for mental health as well. Another limitation of the DSQ is that it accounted for frequency of consumption, or times per day, and not volume of consumption. Because of this, respondents' consumption could not be compared to the Dietary Guidelines or national averages. Food insecurity was determined using a self-reported tool and is thus a perception, which may not reflect true food insecurity, and may not take into account other factors that cause a poor diet. The data used in this study was collected from one university, and thus may not be applied to every college environment in Appalachia. Student major was not accounted for, which could contribute to the stress of students as well as their health knowledge, potentially altering their behavior. Future work will include the use of a validated diagnostic tool, such as the Patient Health Questionnaire, and Beck Anxiety Inventory. In addition, the diet quality will be better screened for using a tool that encompasses a variety of foods with quantities consumed measured. Finally, data will be collected from multiple Appalachian college campuses.

To conclude, this study gathered data on a population that is understudied, despite their high risk for poor health due to low healthy food access, low socioeconomic status, and a high stress college environment. This study added data on the frequency and contributors to mental health symptoms in young adults on an Appalachian college campus. These individuals are at an important life-stage, where optimal physical and mental function is required to succeed. Identifying areas of need for this population is important to inform interventions. The results of this study are important to show that providing access to affordable healthy foods can improve the rates of mental health disorder symptoms in this environment. Access to healthy foods and dietary quality are associated with mental health, and these factors are modifiable. Improving these factors can improve the mental health of students, and thus may enhance their academic success.

Research design was developed by R.A.W., R.L.H., and M.D.O.; Data collection was conducted by R.A.W. and R.L.H.; Data analysis was done by R.A.W., R.L.H. and M.D.O. and statistical analysis was carried out by R.L.H. and R.A.W.; Writing of the manuscript was done by R.A.W. with final content reviewed by M.D.O. and R.L.H.; R.A.W., R.L.H. and M.D.O. have read and approved the final manuscript.

This research was funded by \[National Institute of General Medical Sciences T32\] grant number \[GM081741\]. The funding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.
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nutrients-10-00957-t001_Table 1

###### 

Characteristics of respondents and correlations with depression status.

  Variable                             Depression   No Depression   *p*-Value          
  ------------------------------------ ------------ --------------- ----------- ------ -------------
  Total Population                                                                     
                                       329          30.3            756         69.7   
  Sex                                                                                  
  Male                                 67           22.4            232         77.6   0.0004 \*
  Female                               261          33.5            518         66.5   
  Housing                                                                              
  On-Campus                            73           35.6            132         64.4   0.0725
  Off-Campus                           254          29.2            616         70.8   
  Food Security Status                                                                 
  Food Secure                          146          23.1            486         76.9   \<0.0001 \*
  Food Insecure                        183          40.4            270         59.6   
                                       Mean         SD              Mean        SD     
  BMI (kg/m^2^)                        25.3         5.5             25.9        6.1    0.1970
  Fruit/Vegetable Intake (times/day)   2.5          0.1             2.6         0.1    0.2694
  Added Sugars (times/day)             1.9          0.1             1.7         0.0    0.0288 \*

Demographic data presented in frequency and percentages. \* *p* \< 0.05.

nutrients-10-00957-t002_Table 2

###### 

Characteristics of respondents and correlations with anxiety status.

  Variable                             Anxiety   No Anxiety   *p*-Value          
  ------------------------------------ --------- ------------ ----------- ------ -------------
  Total Population                                                               
                                       626       48.6         662         51.4   
  Sex                                                                            
  Male                                 115       33.5         228         66.5   \<0.0001 \*
  Female                               507       54.3         426         45.7   
  Housing                                                                        
  On-Campus                            118       49.8         119         50.2   0.7415
  Off-Campus                           504       48.6         533         51.4   
  Food Security Status                                                           
  Food Secure                          334       42.9         445         57.1   \<0.0001 \*
  Food Insecure                        292       57.4         217         42.6   
                                       Mean      SD           Mean        SD     
  BMI (kg/m^2^)                        24.9      5.0          25.6        6.0    0.0568
  Fruit/Vegetable Intake (times/day)   2.6       0.1          2.6         0.1    0.5842
  Added Sugars (times/day)             1.9       0.0          1.7         0.0    0.0050 \*

Demographic data presented in frequency and percentages. \* *p* \< 0.05.
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###### 

Logistic Regression model predicting depression status in male and female students.

                       Male   Female              
  -------------------- ------ ------------ ------ ------------
  Added Sugar Intake   1.14   0.93--1.40   1.09   0.95--1.24
  FV Intake            0.68   0.50--0.89   0.94   0.83--1.06
  Food Secure          0.50   0.28--0.88   0.44   0.33--0.60
  Food Insecure        1.99   1.13--3.53   2.26   1.67--3.07

nutrients-10-00957-t004_Table 4

###### 

Logistic regression model predicting anxiety status in male and female students.

                       Male   Female              
  -------------------- ------ ------------ ------ ------------
  Added Sugar Intake   1.09   0.91--1.30   2.08   0.43--0.84
  Food Secure          0.43   0.27--0.68   0.43   0.27--0.68
  Food Insecure        2.33   1.47--3.71   2.33   1.47--3.71
